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Resumno

Ummapa dersco dovuleio Fancon de la Vieja for elaberdo tendo como base g integracio e analise de informa-
goes existentes, modelos computameonais e dados de campo +-2-Até 2015, esse villedo nio possula wmamaps oficial de
risco que permitisse @ aplicagdo do gerenciamento de desastres vulcdnicos ao plangjamento territorial Espera-se que,
eventualnents, os resultados deste trabalho shvam como wns ferramenta pars as mstiluigdes de tamada de deciso, a
fim de aplicar melliores praticas para o planejamento do uso da terra e executar o gerenciamento de risco, considerando
o componente de perige vuleanico O documento fol elsborade comn base em trés principais fontes de dados 1 Dados
coletados em campo, 2 Modelos determunisticos e; 3 Trabalhos anteriores O resultado obtido for um mapa de tipo qua-
litative integrado (Calder efe! | 2015), que mostra as prinapais ameagas que a curte @ medio prazo podem afetar a drea
de estudo como resultado da atvidade eruptiva de Fincon de la Vieya
Palavras-chave: Gestde de risces, lahars; fluzos piroclasticos

Abstract

A yolcanie hazards map was prepared for Eincén de la Vieja voleane, based on the integration and analysis
of existing mformation, computational models and fleldwerle data Tntil 2018, this volcano did not have an efficial
voleanic hazard map, necessitating the application of voleanic disaster visle management to territerial planning of the
reglon Fesults of thig worle wll serve as a tool for the decision-making institutions, providing gmdance to apply better
practices for land use, planning and perform rislk managament, considering the voleanie hazand compenent The do-
cumnent was prepared based on three mamn data sources 1 Data collected n the field, 2 Determimstic models and; 3.
Previously published date The resull obtamed is an integrated qualitative map (Calder et gl |, 2015), wlhich shews the
mawm voleanie threats m the short and mednim termy, which can affect the study area as aresult of the eruptive activity
of Rincon de laVies
Keywords: rskomansgement, lahars, pyroclastic flows
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1 Introduction

Various researchers since the first decades of
the 20th century has been studving eruptive activity
and hazards of Rincon de la Vieja. Initially, docu-
ments by Tristan-Femandez (1921) suggest that the-
re might have been a slight morphologi cal change in
the active crater between the 19th and 20th centu-
ries. Healy (1969) described the morphology of the
summit using aerial photographs and his own field
worl: lie was the first to mention that the structure
1s made up of at least nine cones distributed along
two alignments.

Benner (1987) made a geological mapping
that allowed to charactenze the eruptive lustory, ca-
tegorize the basic petrography of the wmts that form
the volcanie building. This author also, based on the
stratigraphic record, the topography and the clima-
tie characteristics, assessed the potential threats for
future eruptions, considering lahars, lava flows and
tephra fall. Tlus study exeluded the assessment of

long-term threats.

Boudon er ol (1996), characterized the pro-
ximal pyroclastic deposits of the emuptions of 1966-
1970 and 1991-92, and made a distribution map
for these matenals. They also pointed out that the
explosivencss of these events is the product of the
interaction between a shallow magmatic body, the
crater lake and the active hydrothermal system of the
voleano. Tn addition, they stated that the main thre-
at during subsequent eruptions conld correspond to

lahars, which would affect the valleys located on the
northemn flank of the voleano.

Most historical eruptions of this voleano have
been classified as phreatic (Barquero & Segura,
1983 Barquero & Fernandez, 1987; GVFE, 1991 a; b:
¢). However, the deposits of 1966-70 and 1991-98
eruptions contain scoria and breaderust bombs, ma-
terials that are indisputably associated with juvenile
eruptive products Alvarado (1989; 2011).Femandez
et al, (1991) deseribed the eruptive activity presen-
ted on May 6. 7 and 8. 1991. Elaborated an ash fall
map and made a mapping of some of the areas af-
fected by lahars and its deposits, indicating that the
tlows were produced by the overflow of the crater
lake and that the most important voleanic threat for
the north-northwest flank comes from the lahars.

Kempter e al. (1996), studied the geology of
the soutlwesterm flank of the volcano and determ-
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ned, through studies of gramm size of the Rio Blan-
co tephra deposit (~ 3770 = 130 years BC), that the
eruption m which these materials were deposited
it was subplinian, with an eruptive column that re-
ached approximately 16 ki in height. In addition,
they conducted a qualitative risk assessment, con-
cluding that futuire eruptions of thisvolecano would
be prone to maintain the explosive style, extending
the area of whorst danger several kilonveters north of
the active erater.

Pamagoa et ¢f. (1996), made a syuthesis of
the voleanic threat considering the geological and
stratigraphic framework, petrography, geochemis-
try, thermal manifestations, structires, climate and
recent eruptive activity. Subsequently, they made a
series of recommendations on the actions to be taken
before and dunng a velcanme eruption. In addition,
these authors collected information on the erup-
tions presented during the eighteenth, nineteenth
and twentieth centmies, including the occwrrence
of plireatomagmatic eruptions, enussion of gases,
lahars, ash fall, pyroelasties and acid ramn,

Regarding the oceurrence of lahars in the Rin-
con de la Vieja voleano, there is a record of some
flows that descended through the Pénjamo and Azul
nvers during 1991 and 1993 (Soto, 2004; Soto 2t al.,
2003b). However, there 1s no record of fatalities. Al-
varado (1993) mentions that on May 8, 1991 a lahar
occwred that traveled a distance of 16.6 km on the
northern flank ofthe volcano.

Soto 2r al. (2003a) conducted a study of the
most important eruptions since 3800 BE, and detes-
mined that during that period, at least one subplinian
eruptive event occurred (~ 3770 £ 130 years BP)
and that an eruption generated significant pyroclastic
flows (~ 1520 BP) to the west of the eruptive focus,
as well as Kempter (1997) had already suggested it.

Paniagua er al. (1996) conducted an analysis
of the damage eansed by the eruphive actniaty of Rin-
con de la Vieja duning 1995, Subsequently, Aguilar
& Alvarade (2014) carned out a study on the sco-
nomic losses associated with volcanic eruptions in
Costa Rica between 1953 and 2005, They determi-
ned that the erptions presented by the Rincon de la
Vieja, during the decades of the sixties and nineties
of the twentieth century, caused losses to the agricul-
tural and livestock sector, as well as damage to the
road infrastructure (bridges), particularly as a result
of the fall of ash, acid rain and lahars,
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2 Local Setting

Rincén de la Vieja voleano 1s located 25 km

NNE from the Liberia town, Guanacaste: It is a
complex stratovoleano and the only one with lus-
torical eruptive activity in the Guanacaste voleanie
mountain range (Bullard, 1956; A suilar & Alvarado,
2014). Its maximum elevation is 1916 m a.sl., and
at least nine eruptive vents are recognizable on its
summit (Healy, 1969). The active crater harbors a
hot and byper acidic lake (Alpizar er al., 2014), in
which phreatic eruptions oceur relatively frequently
(Figure. 1}.

The eruptive activity of Rincén de la Vieja
voleano during the last 3800 years is relatively well

documented. Several authors have carried out the
tasks, both to document the eruptive actvity, and to
map, desciibe and date the recognizable deposits.

From the analysis of the collected informa-
tion, it becomes evident that, during the last 4000
years, the volcano has had at least three periods of
eruptive activity well marked:

1. A subpliman eruption, deseribed by Kemp-
teret al. (1996), Kempter (1997), Soto ez al. (2003a),
Soto (2004) and characterized by deposits of dacitic
pumice. The deposits of this eruption extend up to
about 30 km away from the WN'W of the active cra-
ter (Soto, 2004).

BB

Figure: 1 Loeabion ef Fineon de fa Viga voleano and active crater area
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2. An eruption with generation of pyroclastic
flows of slag channeled towards the northern flank
of the voleano. These flows reached, according to
Soto et al. (2003a), about 10 km away from the
eruptive foeus.

3. The historical eruptive period, which inelu-
des the activity oceumred and documented from the
XIX century to the present: The activity duning thus
period has been charactenized by plreatomagmatic
eruptions, The most important was the vulcanian ex-
plosion occinred on January 17, 1967 (Soto ot al.,
2003a). Phreatomagmatic eruptions ocewr separated
by intervals of four to five decades of relative calm,
during which phreatie activity predominates.

1t should be noted that, for the lapses elapsed
between the three periods mentioned, although the
corresponding eruptive deposits have not yet been
descnbed, there 15 a geological record on the st
of the voleano, consisting mainly of layers of tephra,
which shows perods of phreatomagmatic eruptive
activity, so its subsequent analysis should not be ru-
led out.

3 Meihodology

The ivestication began with an exhaustive
proeess of bibliographie recopilation, about two fun-
damental 1ssues: a) the previous eruptions the Rin-
con de la Vieja voleano; b) existing volcanic hazard
maps for this velcano.

The ficldwork consisted in mapping and vali-
dation of the bibliographic information collected; we
consulted primary and secondary sources of infor-
mation, stch as thesis, existing hazards maps, listo-
ncal documents, journals and internal reports of the
voleano observatories, among others.

Mapping of lahars and other volcanie pro-
ducts was done. Based on the information collected
on knewn eruptive activity (lustonical and prelusto-
ric), the main hazards associated with the Rincon de
la Viejavolcano were identified and the voleanic ha-
zard map was generated.

The modeling of the lahars used as a basis for

the description of the affectation scenario was made
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using a Laharz computer tool (Schulling, 1998). The
results of the model were validated with field infor-
mation in terms of the scope of the deposits.

First, a general model was dravwn up eovering
all the slopes of the voleano: this considers variable
volumes (8 x 10° ', 1 x 10°m’, 1.5 x 10° o, 2 x
109 m*y 2,5 x 10°m”) and a digital elevation model
(DEM) with spatial résolution of 12.3 m from the
ALOS PALSAR sensor (Alaska Satellite Facility,
2015). The starting points were located in the npper
parts of the rivers and streams that are bom on the
slopes of the voleano.

The choice of modeled velumes was based on
the following criteria:

1. Reach that the lahars generated towards the
north of the Rincon de la Vieja volcano have been in
the past (Alpizar, 2018).

2. Frequency with which small volume lahars
ocewr in the study area:

3. Documented previous experiences, for whi-
ch the volumes or the approximate distance reached
by the flows are known (Trazin and Arenal voleanoes

(Alvarado, 1003));

4. Previous validations, performed to models
based on the old lahar deposits at ITrazn and Rincon
de la Vieja.

For delimitation of the threat zone by pyro-
clastic flows, the tool for the calculation of proximal
threat zones of Laharz was used (Schilling, 1998).
This tool 1s based on the energy line model proposed
by Heim (1932), which with some mo difications, still
15 widely used. The Heim's coeflicient or friction’s
coefficient. relates the elevation of the flow’s starting
point “H”, which strongly controls the flow potential
. with the distance “L” reached by this (Malin & She-
ridan, 1982). The distal part of the flow corresponds
to the intersection between the enerey line and the
topographic smrface. In this case, L. corresponds to
the maximum distance reached by pyroclastic flows
of blocks and ashes in the past (Figure 2).

Due to the strong influence of the topoera-
plic gradient on the gravitational flows, the pyro-
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clastic current will not reach its maximum extension
in all directions, but the flow will go preferentially
towards those arcas with stecper slopes (Malin &
Shendan, 1982).

To model the ash fall, weused the Ash3D tool,
developed by the USGS. Tt runs: online, and as part
of its input data. takes a wind file provided by the
numerical weather prediction model of the NOAA
Global Forecasting System (Mastin er al., 2013).
The modeled scenaros were defined as A (vulecanian
eruption) and B (sub plinian eruption) and their cha-
racteristics are:

Scenano A: Proposed by Soto er af. (2003),
an eruphve column height of up to 7 km above
the crater and a volume of up to 10° m*. The du-
ration of tlus eruption 15 nine howrs, as empter
(1997) calculated.

Scenario B: The one descnbed by Eempter
(1997), with a height for the eruptive cohmm of up
to 16 km above the crater, a volume of 0.25 km® and
a duration of at least mne hours.

To delimit the area affecied by gases and acid
rain, satellite images of the Google Earth ® platform
dated 26/03/2015 been used. The areas of “dead
zone” around the active crater are considered part of
the influence area, in which the vegetation is searce
or nonexistent, and where during fieldwork, the per-
sistence of the voleanic gases 1n high concentrations

was confirmed.

4 Analysis of Volcanic Hazard

1t has been determined that the main volcanic
hazards of the northemn seetor of Rincon de la Vieja
in short term, are pyroclastic flows, lahars, a<h fall,
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affectation by gases and acid rain. Lava flows and
falling blocks / bombs would be restricted a few ki-
lometers away from the source, and are unlikely to
reach the nearest populations, considenng that the
closest homes are 5 ki away from the active crater.

4.1 Pyroclastic Flows

The deposits ofthe only pyroclastic low iden-
tified for this voleano, are moderately welded, have
poor selection, contaiming from ash, up to blocks
that are metrie, sub angular to sub rounded and with
low sphericity. The deposit 5 supported by an ash
matnix and structures characteristic of pyroclastic
flows were observed, such as puzzle structures and
degassing chimneys (Figure 3). Its origin is agsocia-
ted with tlie pyroclastic flow desenbed by Soto ef al.
(2003b).

In terms of the numencal model, for a cocfhi-
crent of Heim equal to 0.15, a distnbution of pyro-
clastic lows channeled towards the northem sector
of the volcano was obtained (Fizure 3). The eleva-
ton of the active crater was considered as the star-
ting pownt of the flows, and as the distance L, the
maxtmum distance traveled by the flows in the past.
The distribution of the flows towards the north is as-
sociated with the fact that the active crater is located
at a lower topographic elevafion than other important
structures of the massif, which causes that there are
topographical bamiers that would eventually prevent
the proeress of the flows towards the southern flank.

4.2 Lahars

Due to factors such the presence of an intra-
crateric lake and the prevailing climatic conditi ons at
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Frgure:3 Typical structures ofblock end ash flow. Left Tigsaw strueture; nght: Degassmgpipe: Outerop loeated 6 3 lm away fram the

sumarnil, Penyamo tiversyde

the upper and middle parts of the volcano’s northern
flank, lahars are one of tlie most common events as-
sociated wiath its activity, having been described in
detail by Pamagua er al. (1986), Eempter (1996),
Eempter & Rowe (2000), Soto 27 al. (2003D) and Al-
pizar (2018). All these authors have agreed that the
area most likely to be affected by lahars is located in
the northem sector of the voleano. However, facing
an ernptive scenario with VEI 2 3, the ocemrence

of laharsin the other flanks should not be ruled out.

The lahars that have affected the nerthern
flank of the volcano, have been chamneled generally
by the Aznfrada stream and the Pénjamo and Azl
nvers, traveling up to 16.6 km from the crater (Al-
varado, 1993) and affecting the Cucaracho tiver bed.
Authors such as Kempter (1996), Kempter & Rowe
(2000) and Soto zr al. (2004), have deseribed in de-
tall the deposits and sugeest that the Pizote River
could become affected by these flows in the event of
a large-seale eruption, or as a result of an eventual
collapse of the northem flank of the active erater.

4.2.1 Characteristics of Deposits

Diwing the fieldwork, both old and recent
lahar deposits and pyroclastic flows were analyzed.
Here we describe the charactenistic deposits of flows
that have descended through the channels of the
Azl and Penjamo rivers.
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In the lower parts of the northermn flank of the
voleano, 7 km far from the active crater, 1t 1s possible
to identify at least three levels of terraces, as well as
blocks that exceed 3 min diameter and trunks up to 8
m 1 length, of which it has been observed that they
are preferentially onented parallel to the mver chan-

nel, so it is possible to affirm that they have been

deposited by lahars (Figure 3).

Overlying the pyroclastic flow deseribed pre-
wviously (Figure 6), several deposits of lahars were
observed, characterized by the presence of clay in
its matrix, poor selection, irverse gradation and the
presence of organic matter and bubbles 1 the ma-
trx: In addition, the absence of deposition structures
such as lanunations indicates that these are not nor-
mal stream flows. In this site the deposits of at least
two recent lahares were identified and when compa-
red with the descriptions of Soto 2f al. (2003), it is
interpreted that the lower unit corresponds to the hot
lahars of 1991, while the npper unit is more recent.

4.2.2 Deterministic Models

Lahars are the events with most possibility
of ocenrrenee in the study area since their reached
distance, mortality and destuction psually have sig-
nificant magnitude (Alpizar, 2018), and determinis-
tic:models of lahar affectation have been developed

for Rincon volcano de la Vieja using the Laharz tool
(Schilling, 1998).
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Hypothetical area
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Terrace levels 1 and 2

Pénjamo river
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-

Block and ash -

= pyroclastic flow

Frgure 6 Outerop located 7k away from the schive orater, where the lahars overlie the gyroclastic fiow deposts

To emphasize the mupact that the nerthern
sector would have due to lahars that descend throun-
gh the Blanco, Azul and Pénjamo nvers, in Figure
7 the results of the model are displayed for variable
volumes between 8 x 10° m®and 2.5 x 10° m°.

It is important to consider that the limits es-
tablished in the models are not defmitive and may
vary according to the eonditions of each flow. In this
case, becanse the pixel size of the MED used for the
modeling 15 12.5 m, this value can be counsidered as
the uncertainty of the models obtained. Thus, for the
modeled volumes, it 15 possible that the flood zones
varyup to 12.5 m on both sides of the contour.

4.3 Ashfall

Aupthors such as Eempter 2t al. (1996), Kemp-
ter (1997), and Soto er al. (2003 a), made maps of ash
fall based on the geological record and their results
coincide in that the emitted ash presents a dispersion
axis oriented towards the west of the active vent. In

Anuano do Inshfuic de& Gsociéncies - UFRJ
ISEN O101-0750 e-58N 1223008 Vol 42-3/2018

several outerops located at the western flank of the
voleanic building, have been found deposits of ash
and pumice of metric thickness, those of any. ac-
cording to Soto et al., (2003), comresponding fo the
subplinian eruption of 1766 BC = 130.

During 1966 eruptions, about 40 em of ash
fell on the top of the volcano, and for the activity of
1995, the fall of material was reported up to 30 kin
west of the aetive erater.

However, although dunng meost of the year
the winds come from the east, it is possible that the
direction changes during certam penods. Itis for this
reason that the proposed veleanic hazard map, in ad-
dition to considering the delimited area based on the
geological record, contemplates two erptive scena-

1iog modeled at three different tmes of the year.

43.1 Modeling of Ash Affectation Scenarios

For scenarios AL, A2 and A3, corresponding
to the months of January, May and October respec-
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tively, maximmumn thickness of 30 mm was obtained.
According to the model, the distnbution axis of the
deposit would be to the southwest in Tanuary and to
the west in October, reacluing a distance of up to 65
km from the crater. For the case of an eruption that
ocewrred in May with the charactenstics desenbed
for scenano A, the distribution of the ash would be
towards the east and southeast of the eruptive focus,
with maximum thickness of 30 mm and the deposit
would reach a maximum distance of 28 Jan from the
emission center (Figure 8).

Regarding B scenarios (Figure 8), in the same
eruptive conditions, during the three seasons of the
year, the ash cloud behavior is extremely vanable,
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so that, if the eruption ocemred in January, as sce-
nario Bl states, the axis of distnbution of the de-
posits would have NE-8W direction, distributing to
Loth sides of the volcano for mere than 100 ki, The
maximum fluckness of the deposit under these con-
ditions would be 100 mm. If the eruption occurred
duning the month of May, the dispersion axis of the
deposit would have an E-W cowrse, and would ex-
tend for approximately 50 km on both sides of the
voleano, with a maximum thickness of 300 mm for
the deposit. In the event that the eruption oceurs du-
ring the month of October, the ash wonld disperse
towards the west for more than 200 km and wath a
maximumn thickness of 100 mm for the deposit. The
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model that best fits what was observed during lusto-
rical eruptions, is the one corresponding to scenario
B for October,

Considering that in Costa Rica during the last

decades there were important economic losses due

to the fall of ash in the volcanoes Irazin (1963-65).
Turrialba (2010-2018) and Poas (2017-2018), is ne-

cessary to mclude this type of threat in a hazard map,
since eventually the map could be used as an input
in a territorial planning with a preventive approach.

~ Taking into account the above, for effects of
the hazard map, the ash fall affectation models cor-
responding to scenarios B have been considered (Fi-
gure 8). In this map thicknesses are considered for
the deposit of between 3 and 300 mm.

i

Figure &ishfall
models for A and
B menarios,
Anuano do Instiutic de Geociéncies - UFRJ
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4.4 Gases and A cid Rain 4.5 Lava Flows
) The threat of lava flows has enly been consi-
The area that 1s currently affected by gases dered in the work of Soto er al. (2003b), and Soto &

and acid rain 15 distributed mainly towards the wes- Martinez (2016). According to Soto er al. (2003b),

t-southhwest from the active crater, comeiding with the most recent lava flows, apparently had as source

the predominant direction of the winds. The area af- of emission the Von Seebach crater, reaching betwe-

fected by gases and acid rain delimited mn this work, en 3 and 8.5 km away, and its age1 5.]113]_1:;1- than 3770

covers at least 37 km- (Figure 9). years. These authors delimit the zone of danger by
85¥20'W

10°50'N

0 a5 1

Figure 9 Area that 15 most affected by gases and acid rame
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luxunes of lava, wathin an area that covers up to 4
lm to the north and 1.6 km to the south of the acti-
ve crater, due to the topographic barners that would
prevent an eventual advanee toward the south of new
lava flows.

4.6 Ballistic

Soto er al. (2003b), mention that blocks of
more than 1 m in diameter have been observed at
distances of up to 1 km far from the active crater,
while fragments of 5 em have reached up to 8 km
away. Histonically, there is a record of bombs and
blocks that have fallen down to 800 m from the nm
of the crater.

In the particular case of this volcano, 1t 1s
common for plireatic or plweatomagmiatic eruptions
to oceur sporadically and suddenly, whose impact
18 restricted to the sumroundings of the active crater.
Faced with these eruptions, the commumnities closest
to the voleano are vot usually affected, but due to
the hostile conditions of the topography in this see-
tor, the wisibility at the summit is often null due to
the gases, and the almost total absence of places to
shelter, the danger of suffenng damages by blocks or
bombs for those who are in the top or its sirroundin-
os 15 very high.

In existing volcame hazard maps, zones of
high and moderate danger have been delinuted by
ballistic projectiles in radii of 2 and 5 Jan around the
active crater, respectively.

4.7 Flank Collapse

Kempter & Rowe (2000) developed a qualita-
tive hazard map, in which zones of high and mode-
rate danger were delimited in the case of lahars and
avalanches. They determuned that the greatest dan-
ger 1 the event of directed eruptions, or the collapse
of an active erater sector, 15 for the northern sector.

Collapses of volcanic buildings are not very
frequent events, but when they occur they tend to be
highly destructive. Although the only lustorical case
in Costa Rica was presented without consequences
in the Trazn voleano on December 8, 1994 there are
records of prelustoric volcanic landslides that have
affected mainly the south-soutliwest slope of the
Rincon de la Vieja volcano and some sectors of the
top (Soto er al., 2003).

< UFRJ
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Although the possibility of collapse of a part
of the volcanic building has not been thoronghly
studied, authors such as Pamagua 2t al. (1996),
Kempter & Rowe (2000) and Seto er al. (2003b)
poiut out that, due to the geomorphological charac-
teristies of the active crater and the constant erup-
tive and hydrothermal activity, its northem flank
15 apparently the most susceptible to collapse. An
event of this type would possibly oniginate pheno-

mena such as pyroclastic Hows, avalanche debris

and high velume lahars,

5 Results: Hazard Map

Anintegrated qualitative velcanic hazard map
15 proposed (Calder er af., 2015), since the final pro-
duet is based on both the geological record, as well
as deterministic modeling and pre-existing hazard
information. (Figurell).

The final scale of the map is 1:50.000 for all
the hazards, except the ashfall, since the latter is
deployed on a scale of 1:800.000, due to the wide
liypothetical distribubion area of the ash. In Table 1
15 presented a summary of the information displayed
on the map, its souree and the approximate scale 1
which it was generated.

In the presented map (Figure 11), informa-
tion has been integrated on the volcanic hazards that
could affect the study area in the short and medium
term, az well as those that cunvently affectt,

The boundaries of the zone of proximal thre-

at have been established through the generation of

) . Original
Hazard Source scale
GGagez and Fiald data and analysis of 110 000

acid raip satellte images
| aharz modek, field data and
|.ahars Fampler (1996) and Keampler & 110,000
Howe (2000} previous works
Pyroclestc Energycone modsl
fiows tior = 0 15 and 0 24) 1060
Blatks and - _— .
borbs fal 2and 5 km radius 110,000
Ash3h modals
!ﬁ 4
Ashfall and figid dsia {1 200.000

Table 1 Sumrmary of volcame hazards displayed in the prelmu-
napy map
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a determumstic model and have been validated by
comparing them with the deposits of recent phreatic
eruptions. This area is prone to be affected, even by
eruptions whose eruptive colummns do not exceed a
few hundred meters above the rim ofthe crater.

Proximal hazard zone is not related to a speci-
fic type of threat, but 15 considered as very high ha-
zard and its area was calculated considenng a Hemm

coefficient of 0.24. Ttis an area of very highrisk, both

in small phreatic eruptions and during major events,
becanse its position with respect to the active crater,
and its topographic conditions allow this area to be
more easily impacted by pyroclastic flows or surges,

toxic gases in high concentrations, falling blocks/

bomibs, ash or hot mud. These same charactenistics

Figure 10 Voloane hazard map of Rmeon de la Vigje valeano

486

make it easter for lahars to be generated wathin their
limits. On the other hand, the pronounced slopes that
predominate in this sector, favor the ocourrence of
landslides with or without eruptive activity, whether
triggered by gravity, seismic activity, deformation or
saturation of the soil.

For the area thatis susceptible to be affected by
pyroclastic flows, the results obtained are consistent
with the geological record information, The depo-
sits of the most important pyroclastic flows that have
been found for this voleano, date from the year 484,
and are distributed towards the northern sector of the
voleano, reaching the communities of Buenos Aires
and Gavilan. These flows were extensively descni-
bed by Kempter et af. (1996) and Soto &t al. (2003b).

Ballistic projeila 2
o beania 1zopoen (emj

&2 suptive et
Uk buid in
2 Prexiiral eraie mom (L=034) B 1000000 m!

2000303
W 3500000 r

Pyenslastic flows (HIL=015)
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0 Conclussions and Remarks

Dunng the last 3800 vears the voleano had at
least three periods of eruptive activity well marked:
a subpliman eruption charactenzed by deposits
of dacitic pumice; an emption with generation of
pyroclastic flows of scoria chamneled towards the
northem flank of the volcano that reached up to 10
ki away from the eruptive focus; and the historieal
eruptive period, within which the erupfive activity
was documented since the nineteenth century until
today. This period is characterized by plreatomag-
matic eruptions, being the most imp ortant of the pe-
riod, the voleanian eruption of 1967.

It lias been observed that phreatomagmatic
eruptions occur separated by intervals of four to five
decades of relative calm, dunng wlich the predo-
minant activity are plireatic eruptions and constant
degasing, whose greater consequence for the envi-
ronment comes from acid rain.

For those eruptions of which there 15 only ge-
ological record at the top of the voleano, and ewvi-
dence of periods of phreatomagmatic or phreatic
eruptive activity. it is advisable to carry out future
studies, to enrich the existing events record and to
better understand the eruptive histoy and dynamics
of the volcano.

The hazard map generated 11 the present work
15 classified as an integrated qualitative type, the fi-
nal product is based both on the geological record.
as well as on determim stic modeling and preexisting
hazard information of Kempter (1996), Kempter &
Rowe (2000), Soto ot al. (2003) and Soto & Marti-
nez (2016).

The main volcame hazards that threaten the
northern sector of the volcanic building 1 the short
term are lahars, pyroclastic flows, ash fall, affecta-
tion by gases and acid rain. The flows of lava and
ballistie missiles would be restrieted to a few kilo-
meters from the source, and it is unlikely that they
will reach the towns closest to the volcano, beaning
i mind that the nearest houses are located fve kalo-
meters from the active crater.

T this document, both voleanic hazards that
could affect the study area in the short and medium
term are integrated, as well as those that affect the
area at present.

It was not considered within the map. a pos-
sible collapse of the north wall of the active crater,

Anuano do Inshfuic de& Gsociéncies - UFRJ
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because there are uo conclusive studies that mdi-
cate that this may be a possibility in the short or
medinm term.

The area affected by gases and acid ramn 1s
concentrated around the aclive erater, extending to
the southwest of the crater for about 8 km, depen-
ding on the prevailing direction of the wind.

As for the lahars. although these were mo-
deled in the main channels that descend from the
voleano, due to the geomorphological conditions
of the summit as the presence of natural barrers, it
is possible to affirm that the northem sector is the
most prone to be affected by these flows. Although
it should not be ruled out the possibility of oceur-
rence of lahars in the other flanks info a scenario
of plinian, subplinian, violent strombolian or even
vulcanian eruption.

The ashfall with millimetrie to centimetiie
thickness is a real danger for the whole sorrounding
of the voleano along several kilometers; however,
with adequate preparation its negative consequences
can be mimnuzed.

The arcas delimited 1n the hazard map are ba-
sed on the topographic and climatological characte-
risties at the moment when the map was performed,
considering hypothetical eruptive scenarios, for whi-
ch they do nof establish definitive limits. These areas
are rather pnides. whose interpretation is limited by
thieir respective scales. From these guides it is pos-
sible to detail m the field. if necessary for speeific
areas. For example, in the case that a site of interest
15 at or near the demarcated linut for a grven hazard,
the recommendation is to develop alocalized hazard
study to reduce uncertainty.

Regarding the descripiion of the sedimento-
logical and rheological charactenstics of eventual
lahars that affect the study area, these would vary
according to their tigger mechanism.

Ifitis non-¢ruptive lahars, frigeered by preci-
pitation, these would drag materials that have been
previously deposited in the upper nver basing and
would have dilute flow characteristics, mainly con-
taining fine particles. They are the most common
type of lahar in the area, and also the least destrue-
tive. Their deposits, when they are not eroded qui-
clly, consist on centimetire to decimetnic layers of
fine material, which can be confused with those of
a normal flow of current. This normally happens in
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the chamnels of the Azul and Pénjamo rivers and
their tributaries.

For lahars caused by phreatic, phreatomagma-
tic or magmatic eruptive activity, both water/debns
proportion, as the fine fraction that allows to deter-
mine if the flow is cohesive or not, would be deter-
mined by the type of eruption, its duration, velume
of matenal enutted and the amount of available wa-
ter (rain or erater lake). However, in general tenmns,
having constant eruptions as tngger mechanism, it
can be expected that the lahars descend mainly by
the Azul and Penjamo nvers, and that have hyper-
concentrated to debris How characteristics, whose
flood zones would be determined by the topography
and the volume of the flow.

In the hypothetical case that a lahar is genera-
ted by the collapse of the craterwall, and considering
the distance from the source, it is possible that the
flow contains a significant fraction of angular mate-
rials of coarse granulometry, including metric blocks
and vegetation. which would be immersed in a clay
matrix, because it would be an explosive event with
high fragmentation. This mixture would onginate a
flow that could vary from hyperconcentrate to debris
flow, according to the proportion of water.
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